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.2012.04.0Abstract Multi Criteria Analysis (MCA) describes any structured approach used to determine
overall preferences among alternative options, where options accomplish certain or several objec-
tives. The ﬂood protection of properties is a highly important issue due to the damage, danger
and other hazards associated to it to human life, properties, and environment. To determine the
priority of execution of protection works for any project, many aspects should be considered in
order to decide the areas to start the data collection and analysis with. Multi criteria analysis tech-
niques were tested and evaluated for the purpose of ﬂood risk assessment, hydro-morphological
parameters were used in this analysis. Finally a suitable technique was chosen and tested to be
adopted as a mark of ﬂood risk level and results were presented.
 2012 Ain Shams University. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Flood protection is an important item in almost all develop-
ment projects (i.e. roads, railways, airports) and the underlying
consideration of safety is an integrated aspect of the detailed
design of all ﬂood protection systems. Hazards associated with
ﬂooding can be divided into primary hazards that occur due to
contact with water, secondary effects that occur because of the
ﬂooding, such as disruption of services, health impacts, famine
and disease, and tertiary effects such as changes in the positionco.uk.
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01of river channels. Throughout the last century ﬂooding has
been one of the most costly disasters in terms of both property
damage and human casualties.
Major ﬂoods in China, for example, killed about 2 million
people in 1887, nearly 4 million in 1931, and about 1 million in
1938. The 1993 ﬂood on the upper Mississippi River and Mid-
west killed only 47 people, the total economic loss estimates
were between 15 and 20 billion dollars, Nelson [1]. Cata-
strophic ﬂash ﬂooding has recently become very common in
the Red Sea areas, particularly where storms hit large settle-
ments, Masoud [2].
Therefore, a great intention was made to implement a design
criteria for ﬂood protection in design manuals and codes of
practice. Almost all of these manuals adopted the design
recurrence interval as a measure for the safety level that will
be considered during the design of ﬂood protection system. A
ﬂood event that may harm highly important element should
have a design recurrence interval higher than less important
element. This method of evaluating the ﬂood risk level almostier B.V. All rights reserved.
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Figure 1 Effect of drainage area on ﬂood discharge.
Q  
328 A. Mohamed Elmoustafaignored the hydro-morphological parameters of the catchments
and the ﬂood event it self.
Multi Criteria Analysis (MCA) appeared in the 1960s as a
decision-making tool. It is used to make a comparative assess-
ment of alternatives or heterogeneous measures. With this
technique, several criteria can be taken into account simulta-
neously in a complex situation. The method is designed to help
decision-makers to integrate the different options, reﬂecting
different factors of the addressed problems, into a prospective
or retrospective framework. The results are usually directed at
providing advice or recommendations for future activities,
Baptista et al. [3].
MCA describes any structured approach used to determine
overall preferences among alternative options, where the op-
tions accomplish certain or several objectives. In MCA, desir-
able objectives are speciﬁed and corresponding attributes or
indicators are identiﬁed. The actual measurement of indicators
need not be in monetary terms, but are often based on the
quantitative analysis (through scoring, ranking and weighting)
of a wide range of qualitative impact categories and criteria,
Heun [4].
Explicit recognition is given to the fact that a variety of
both monetary and nonmonetary objectives may inﬂuence
the decisions taken. MCA provides techniques for comparing
and ranking different outcomes, even though a variety of indi-
cators are used. MCA includes a range of related techniques,
some of which follow this entry, Heun [4].
2. Methodology
Determination of stream networks’ behavior and their interre-
lation with each other is of great importance in many water re-
sources studies, Al Saud [5]. Any area under development that
is subjected to ﬂood hazards had to be protected against ﬂood
events, these events are estimated based on a certain recurrence
interval. However, some points may be subject to more danger
than other points. This is why a risk assessment, from the ﬂood
event point of view, has to be carried out prior the design or
proposing a ﬂood protection scheme. So that the high-risk
locations will receive more attention than points with lower
risk or even their protection works may be designed with a
higher recurrence interval.
The criteria adopted in this work for risk analysis was based
on hydro-morphological factors that may result in more dam-
age to the crossing locations. These factors are the peak dis-
charge, drainage area, drainage density, ﬂow paths
roughness, average slope of the catchment and the runoff vol-
ume. The most important factors of those are discussed below.Mild Slope
Steep Slope
Time
Figure 2 Effect of ﬂow path slope on ﬂood hydrograph.2.1. Factors affecting risk analysis of ﬂoods
The peak discharge, often called peak ﬂow, is the maximum
rate of runoff passing a given point during or after a rainfall
event. The peak ﬂow varies for each different storm, and it be-
comes the designer’s responsibility to size a given structure for
the magnitude of storm that is determined to present an
acceptable risk in a given situation. Peak ﬂow rates can be af-
fected by many factors in a watershed, including rainfall char-
acteristics, basin size, and the physiographic features.
Drainage area is the most important watershed characteris-
tic that affects runoff. The larger the contributing drainagearea, the larger will be the ﬂood runoff (Fig. 1). Regardless
of the method utilized to evaluate ﬂood ﬂows, peak ﬂow is di-
rectly related to the drainage area.
Slope is very important in how quickly a drainage channel
will convey water, and therefore, it inﬂuences the sensitivity of
a watershed to precipitation events of various time durations.
Watersheds with steep slopes will rapidly convey incoming
rainfall, and if the rainfall is convective (characterized by high
intensity and relatively short duration), the watershed will
respond very quickly with the peak ﬂow occurring shortly after
the onset of precipitation. Steep slopes tend to result in rapid
runoff responses to local rainfall excess and consequently
higher peak discharges (Fig. 2).
On the other hand, for a watershed with a ﬂat slope, the re-
sponse to the same storm will not be as rapid, and depending
on a number of other factors, the frequency of the resulting
discharge may be dissimilar to the storm frequency, U.S.
Department of Transportation – FHA [6].
The runoff volume is also affected by slope. If the slope is
very ﬂat, the rainfall will not be removed as rapidly. The pro-
cess of inﬁltration will have more time to affect the rainfall ex-
cess, thereby increasing the abstractions and resulting in a
reduction of the total volume of rainfall that appears directly
as runoff.
The time of concentration, which is denoted as TC, is deﬁned
as the time required for a particle of water to ﬂow from the
hydraulically most distant point in the watershed to the outlet
Figure 3 Sample of hydro-morphological analysis results.
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are the length of ﬂow, the slope of the ﬂow path, and the
roughness of the ﬂow path. For ﬂow at the upper reaches
of a watershed, rainfall characteristics, most notably the
intensity, may also inﬂuence the velocity of the runoff. During
the analysis the Kirpich formula (Soil Conservation Services
(SCS), 1940), Eq. (1), which is widespread in several countries,
was used.
TC ¼ 0:01944ðLÞ0:77=ðSÞ0:385 ð1Þ
where TC is the Time of concentration (min), L is the Longest
ﬂow path length (m) and S is the catchment area average slope
(m/m).
Some factors such as the time to peak and the average run-
off depth were not considered in the proposed criteria of risk
analysis as they are already implemented in the factors that
were mentioned previously. Other factors were not considered,
as they have minor effect on the damage at the catchment out-
let point such as the catchment perimeter.
For any ﬂood protection project the hydro-morphological
analysis has to be carried out ﬁrst. This means that ﬂow pat-
tern has to be traced, catchments have to be delineated then
morphological parameters such as slope and TC calculated
for the points of interest or for points that need protection.
Fig. 3 represents an example for this analysis results for a pro-
posed route of a highway located in Egypt East Desert con-
necting main cities on the river Nile by others on the Red
Sea coast.
3. Standardization of parameters
The hydro-morphological parameters obtained for each wa-
tershed are expressed in different units. It is therefore difﬁcult
to compare across criteria. For many of the arithmetic MCA
techniques, it is necessary to reduce the scores to the same unit.This is called standardization. The difference between the ac-
tual parameter and that of the lowest value is divided by the
difference between the parameters of the highest value and that
of the lowest value. This led to standardized factors that reﬂect
the degree of risk for each parameter compared to the same
parameter in the other sheds.
Area Standardized Risk Factor ðASRFÞ
¼ Area Area Min
Area Max Area Min ð2Þ
Slope Standardized Risk Factor ðSSRFÞ
¼ Slope Slope Min
Slope Max Slope Min ð3Þ
TC Standardized Risk Factor ðTCSRFÞ
¼ TC  TC Min
TC Max TC Min ð4Þ
Runoff Volume Standardized Risk Factor ðRVSRFÞ
¼ Vol Vol Min
Vol Max Vol Min ð5Þ
where Max refers to the maximum value of the mentioned
parameters and Min refers to the minimum value of the men-
tioned parameters.
The weighted sum was then applied to standardized param-
eters. The principle is that the standardized parameters for
each criterion are added up, leading to a single factor. And
to express the importance of certain parameter compared to
others, the individual standardized factors were multiplied by
a weight coefﬁcient (W), that was assumed constant for all fac-
tors and equal to 1/(no. of parameters), before being added up.
The sum is called the Weighted Standardized Risk Factor
(WSRF). The weight coefﬁcient (W) was assumed constant
to simplify the results and could be changed based on the
Figure 4 Sample of hydro-morphological analysis results.
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Figure 5 Drainage areas for the sample case study.
330 A. Mohamed Elmoustafaimportance of each factor so that the more important the fac-
tor is the higher the W value will be assigned to it.WSRF ¼W ðASRFþ SSRFþ TCSRFþRVSRFÞ ð6ÞTable 1 Box blot test results.
Volume (m3) Slope (m/m)TC (min)Area (km
2)
Median 102,120 0.00782 360 74
LQ 51,060 0.00398 228 37
UQ 1,175,760 0.01784 868 852
Interquartile range 1,124,700 0.01386 640 815
Mild high outlier 2,862,810 0.03863 1828 2075
Extreme high outlier 4,549,860 0.05942 2789 32974. Results and discussion
Fig. 4 represents the results of the analysis technique for the
watersheds shown previously in Fig. 3. The WSRF was classi-
ﬁed into ﬁve categories on a quantile basis.
From the results it was found that all catchments with large
drainage area have a high WSRF and as a result it caused devi-
ation to the resulted WSRF for all the other sheds. Therefore,
almost all of watersheds have a low to moderate ﬂood risk
factor.The drainage areas, as a main parameter directly affecting
the value of ﬂood peak ﬂow, were plotted, Fig. 5, to test it
for extreme high values that may affect the results. Fig. 5
indicates clearly two main drainage areas that are extremely
high (10,469 km2 and 5857 km2), that appear as two extreme
Figure 6 Reevaluation of WSRF results.
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2300 km2.
The box plot technique was applied to test all the data
for values that are extremely high or an outlier. An outlier
is an observation that is numerically distant from the rest
of the data which may lead to biased results. Box plot
technique is useful to display differences between popula-
tions without making any assumptions of the underlying
statistical distribution. It is non-parametric. Spacings be-
tween the different parts of the box help indicate the degree
of dispersion (spread) and deviation in the data, and
identify outliers.
The mild and extreme higher outliers were calculated for
each data set and all watersheds that have their parameters val-
ues above the extreme higher outlier were considered as the
highest risk watersheds.
Mild higher outlier ¼ UQþ 1:5 IQR ð7Þ
Extreme higher outlier ¼ UQþ 3 IQR ð8Þ
IQR ¼ UQ LQ ð9Þ
where UQ is the upper quartile, LQ is the lower quartile and
IQR is the inter-quartile range.
Then the extreme higher outlier was considered as the high-
est parameter value. This technique was adopted for all param-
eters (area, time of concentration, slope, and volume); results
are presented in Table 1.
The WSRF for each of them recalculated and their risk le-
vel was recalculated based on the new results, Fig. 6. It can be
noticed that the medium size catchment risk level was changed
to a higher level.
5. Conclusion
Flood protection measurements depending solely on recur-
rence interval have been adopted for long time without givingweight to the morphological parameters of the watersheds that
cause such ﬂoods. The paper presented the use of multi criteria
analysis technique to use these parameters when deﬁning the
design ﬂood events.
It was noticed during the analysis that the drainage basin
area has a great effect on the ﬂoods generated at its outlet
while other factors have less effect than the drainage area such
as the slope and roughness. During the analysis a higher limit
for all the parameters values were adopted based on the sample
that was considered during the analysis to calculate the
standardized factors. The box plot test represented a very use-
ful, easy to use and quick tool when trying to exclude extre-
mely high parameter that may lead to unrealistic risk factor.
However, using regression techniques, maximum values can
be calculated for such purpose that may depend on the mete-
orological characteristics of the region.
The risk Weighted Standardized Risk Factor obtained can
be used during the design of ﬂood protection measurements
and/or the calculation of design peak ﬂows for crossing struc-
tures. This may lead to more economic design procedure that
can be adopted in drainage design guidelines and manuals.
However, further studies should be made concerning the
environmental hazards of ﬂood events and special attention
should be made when trying to control ﬂoods to keep the
environment undisturbed (i.e. minimize the change of land
slopes and levels associated to ﬂood protection works’ con-
struction, keep the original paths of ﬂoods and limit the
diversions as much as possible) and limit the environmental
changes upstream and downstream the ﬂood protection
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